In shallow, littoral regions the acoustic transmission channel can often be governed by the process of forward scattering from both the sea surface and sea bed. In this paper, measurements of the intensity time dependence of high-frequency 0(10) kHz sound that has been forward scattered from both the sea surface and sea bed are discussed along wit h simulated time series for this process. The data are from a shtilow water experiment conducted near Key West, Florida, for which the sea bed was characterized by a carbonate sandsilt-clay mixture. The simulated time series are derived from the bistatic cross-sections for sea surface and sea bed by convolving the bistatic scattering impulse response with the waveform emitted from the transmitter.
INTRODUCTION
Bistatic scattering from the sea surface and sea bed is a key feature of the acoustic environment that determines the performance of sonar systems operatering in shallow water. This paper presents me~urements of sound that has been forward scattered from both the sea surface and sea bed, and aa such, represent integrated memures both of sea surface and sea bed bistatic scattering.
The data are from an experiment conducted near the Dry Tortugus collection of islands (24°36.7'N 82°50.7'W) off south Florida. The water depth w= 25.6 m, and the bottom consisted of calcium shell deposits and soft mud (sand-silt-clay mixture), Wave conditions were duration-limited, with typical rms waveheight H equal to 0(10) cm. The sound frequency ww 30 kHz, setting the roughness parameter defined as 2kH sin 09, where k is acoustic wavenumber, and 0$ is grazing angle associated with the nominal specular point, to between 4 and 14.
Signals were transmit ted from one of two ITC-1032 omnidirectional transducers suspended from a spar buoy at depths of 7.7 and 17.2 m. The spar buoy waa tethered to the research vessel Seaward Explorer (placed in a four-point moor) using a distributed buoyancy power line, at ranges between 70 and 100 m and tended by a small boat for final positioning. The natural period of the spar buoy waa 12 s, designed to be well away from the period of the dominant surface waves. Figure 1 (top) illustrates the dominant ray paths that compose the arrival structure for a typical experimental run. With a l-ins pulse, the first few paths can be resolved ( Fig hand, experiences essentially O dB energy loss for this run, during which the wind speed was 4 m/s. Thus, for this combination of 0(100) m range and mid-water source and receiver depths, the particular acoustic channel is dominated by the direct and single-surface-bounce paths. The dashed, gray lines in Fig. 1 (bottom) are simulated intensity time series derived from model estimates of the bist atic cross section for the sea surface [1] and sea bed [2] . The model for bist atic scattering from the sea surface includes scattering from both the rough air-sea interface and from near-surface bubbles and employs small slope approximation [3] for the scattering component due to sea surface roughness . The simulated intensity time series were are the result of convolving a model for the intensity impulse response li~P (t) with a 1 rns square wave (representing the 1 ms transmit pulse used in the experiment). The model for intensity impulse response is in turn generated by summing over the discretized sea surface or sea bed such that
The area dA of the n~h scattering patch with bistatic cross section of a~is 0.0625 m2. The sum of the incident (Ri" ) and scattered (RS" ) slant ranges is mapped to time t via a constant sound speed (an excellent approximation for these experimental conditions). The effects of transmit patterns can be safely ignored, and a small correction is made for the nearly-omnidirectional receive beam pattern. lVe use 0.005 dB/m for the sea water attenuation crW, and the source level, 1., was 176 dB re 1 pPa at 1 m for this experiment.
Both simulations (surface and bottom) match the calibrated data remarkably well in both maximum intensity level, and temporal decay from the maximum.
For the sirnulat ion of the surface bounce path, it is interesting to see the effect of higher surface wavenurnbers (associated with Bragg-type scattering). The thinner dwhed line excludes scattering from these higher wavenurnbers, and as a consequence, falls off too rapidly. Only the calculation that incorporates higher wavenumbers which give rise to Bragg-type scattering, matches a full 30 dB of decay that is clearly seen in the data. Simulations such as these represent a practical pathway to meeting the challenge of sonar performance simulation in the shallow water environment. Further details on these measurements and their interpretation will be presented. Ensemble average of the received signal from an array element showing the primary arrivaJs: direct (D), surface bounce (S), bottom bounce (B), and surface-bottom bounce (SB). Thick, dashed lines are simulated time series for the surface and bottom arrival. The thin dashed fine is dso a simulation, but which excludes higher wavenumbers of the sea surface roughness spectrum.
